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SEAL FOR DOUBLE-TUBE DRIVESHAFT 
RELATED APPLICATIONS 

This application claims priority to U.S. Provisional Patent Application No. 
60/276,429, filed March 15, 2001, the entirety of which is hereby incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

Seals for protecting driveshafts have long been known in the art. Such 
seals are necessary to prevent external elements, such as, water, dirt, or salt 
from intruding into the driveshaft, thereby causing premature wear or corrosion of 
the system, and system dynamic imbalance. 

This invention relates generally to a seal for a double-tube "slip-in-tube" 
splined driveshaft. The concept of a double-tube "slip-in-tube" splined driveshaft 
is relatively new. Applicant owns U.S. Patent No. 6279221 ("the '221 patent"), 
issued August 28, 2001, for a double-tube "slip-in-tube" vehicle driveshaft, which 
is hereby incorporated in full by reference. A double-tube "slip-in-tube" splined 
driveshaft comprises first and second members each having splined portions. 
The second member is telescopically resident within the first member, and the 
splined portion of the first member cooperates with the splined portion of the 
second member. In such manner, the first and second members cooperatively 
form the driveshaft. The cooperating splined portions of the first and second 
members allows external elements to protrude into the double-tube splined 
driveshaft at the location of the intermeshing splines. 



A sealing system and method for a double-tube "slip-in-tube" splined 
driveshaft is required to prevent such external elements from getting into the 
driveshaft at the splined cooperating portions of the driveshaft. 
BRIEF SUMMARY OF THE INVENTION 

It is in general an object of the invention to provide a sealing system and 
method to protect a double-tube "slip-in-tube" vehicle driveshaft from premature 
wear or corrosion. 

In one aspect, this invention provides a seal for a driveshaft, wherein the 
driveshaft comprises first and second members each having splined portions, the 
second member is telescopically engaged with the first member, and the splined 
portion of the first member cooperates with the splined portion of the second 
member thereby allowing the first and second members to cooperatively form the 
driveshaft. The seal comprises a first splined inner-portion having a first 
diameter, and a second splined inner-portion having a second diameter. The first 
diameter of the first splined inner-portion of the seal is larger than the second 
diameter of the second splined inner-portion of the seal. At least a part of the 
splined portion of the first member is resident within the first splined inner-portion 
of the seal. Likewise, at least a part of the splined portion of the second member 
is telescopically resident within the second splined inner-portion of the seal. 

In another aspect, this invention provides a seal for a double-tube splined 
driveshaft. The seal comprises a first splined inner-portion having a first 
diameter, and a second splined inner-portion having a second diameter. The first 
diameter of the first splined inner-portion of the seal is larger than the second 



diameter of the second splined inner-portion of the seal. The first and second 
splined inner-portions of the seal are each adapted to be fitted around at least a 
part of splined portions of separate respective tubes of a double-tube 
telescopically resident splined driveshaft. 

In yet another aspect, this invention provides a method of attaching a seal 
to a driveshaft. The method comprises providing a driveshaft comprising first 
and second members each having splined portions. The second member is 
telescopically resident within the first member. The splined portion of the first 
member cooperates with the splined portion of the second member thereby 
allowing the first and second members to cooperatively form the driveshaft. 
Next, a seal is provided comprising a first splined-inner portion having a first 
diameter, and a second splined-inner portion having a second diameter. The first 
diameter of the first splined inner-portion is larger than the second diameter of 
the second splined inner-portion. Then the first splined inner-portion of the seal 
is fitted around at least a part of the splined portion of the first member. Finally, 
the second splined inner-portion of the seal is fitted around at least a part of the 
splined portion of the second member. 

The present invention, together with further objects and advantages, will 
be best understood by reference to the following detailed description taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 

FIG. 1 is an unassembled perspective view of the prior art, for a two-piece 
slip-in-tube vehicle driveshaft, as shown in the '221 patent; 



FIG. 2 is an assembled side view of the driveshaft shown in FIG. 1; 
FIG. 3 is a side view of the driveshaft shown in FIG. 2, taken along view 
line 3-3; 

FIG. 4 is a fragmented perspective view of the portion of the driveshaft 
which is shown in FIG. 3 and which illustrates portions of the splines, which are 
used and/or selectively formed upon the vehicle driveshaft of a preferred 
embodiment; 

FIG. 5 is an assembled side view of the driveshaft shown in FIG. 1 
incorporating one embodiment of the seal of the present invention; 

FIG. 6 is an enlarged partial side view of the driveshaft shown in FIG. 1 
incorporating one embodiment of the seal of the present invention; 

FIG. 7. is a perspective view of one embodiment of the seal of the present 
invention; 

FIG. 8 is a front view of the seal of FIG. 7; 
£a<. FIG. 9 is a cut-away side view of the embodiment of FIG. 6, taken along 
view line A-A; / 

FIG. 10 is a cut-away side view anhe embodiment of FIG. 6, taken along 
view line B-B; / 

FIG. 1 1 is a cut-away partial front view of the embodiment of FIG. 6, 
showing the attachment of the seal to the first and second members of the 
driveshaft, taken at one p^int of the seal along view line C-C; and 

FIG. 12 is a flow diagram illustrating one exemplary method in accordance 
with the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

Applicant owns U.S. Patent No. 6279221 ("the '221 patent"), issued 
August 28, 2001, for a double-tube "slip-in-tube" vehicle driveshaft, which is 
hereby incorporated in full by reference. 

Referring to the drawings, Figures 1-4 have been incorporated from the 
'221 patent for a double-tube "slip-in-tube" vehicle driveshaft. As shown, a 
double-tube "slip-in-tube" vehicle driveshaft 10 includes a generally round and/or 
tubular, generally hollow first member 16 having a splined portion 18 which is 
circumferentially formed upon an interior surface 19 of the first member 16. The 
driveshaft 10 further includes a second generally round and/or tubular, generally 
hollow member 12 having a splined portion 14 which is circumferentially formed 
upon an exterior surface 15 of the second member 12. The second member's 
splined portion 14 is adapted to selectively and cooperatively intermesh with the 
first member's splined portion 18. The first and second members 16, 12 may 
HJ have various diameters 52, 50 which in one non-limiting embodiment are 
W respectively equal to about approximately one and three-quarter (1 .75) inches to 
about five (5.0) inches. Other larger diameter values may be utilized. 
>rA '^ The second member 1| is adapted to selectively, movably, and 

telescopically penetrate the fiflst member 16. The splined portions 18, 14 of the 
first and second members 1ffl 12 cooperatively intermesh in the usual and known 
manner. Particularly, the first member 16 is movably coupled, by the use of a 
conventional flange 20, to a/conventional transmission 21, while the second 
member 12 is movably coufoled, by the use of a conventional flange 22, to a 
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conventional differential 23. \The torque, supplied by the transmission 21 is 
communicated to the first mepiber 16 and then, by use of the intermeshed spline 
portions 18, 14 of the first anil second members 16, 12, is communicated to the 
second member 12 and to the differential 23. The cooperating spline portions 
18, 14 allow the second member 12 to dynamically move along the longitudinal 
axis of symmetry 32 of the driveshaft 10 in response to changes in the distance 
between the transmission 21 and the differential 23, in a known manner. 

The first and second members 16, 12 may be manufactured from 
conventional and commercially available lightweight aluminum material which 
may comprise a commercially available "6061 -T4" type of aluminum or aluminum 
alloy material. The splines are "cold formed" upon the surfaces 19, 15 by the use 
of the conventional "Grob" process which is provided by the Ernst Grob AG 
company of Mannedorf, Switzerland. Moreover, the splined portions 18, 14 of 
the first and second members 16, 12 are selectively hardened or "anodized" in 
accordance with the commercially available Metalast anodizing process which is 
provided by the Metalast International corporation of Minden, Nevada. More 
particularly, the splined portions 18, 14 of the first and second members 16, 12, 
in one embodiment, are anodized with a layer of "Metalast hardcoat" material 
having a thickness of about 0.002". 

The use of such anodized aluminum and cold-formed spline portions 18, 
14 allows for a relatively lightweight driveshaft 10 which substantially reduces the 
amount of vibration and noise which emanates from the operatively formed 
driveshaft 10. The relatively lightweight aluminum construction allows the first 
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and second members 16, 12 to have relatively large diameters 52, 50, while 
providing a significant decrease in the overall weight relative to prior driveshafts. 
These relatively large diameters members 16, 12 efficiently distribute the applied 
axial loads over a larger surface area, thereby allowing the driveshaft 10 to 
support relatively larger torques at relatively higher speeds than prior driveshaft 
assemblies. Further, this relatively light-weight design allows for relatively long 
spline portions 18, 14 which, in one embodiment may have a substantially 
identical length 56 equal to at least and approximately three times the diameter 
52 of the first member 16 (e.g., approximately 13.5 inches). In other non-limiting 
H embodiments, the spline portions 18, 14 have lengths which respectively extend 

~» 

~ approximately halfway along the first and second members 16, 12 or have 

J respective lengths equal to approximately three times their respective diameter, 

yn The anodized aluminum splines also, as is best shown in Figures 3 and 4, allow 

M= for relatively large and/or wide splined mating surfaces and/or "working areas" 

ry 

N" (e.g., which in one non-limiting embodiment have a "tooth thickness" 42 equal to 

m 

~f about five to about ten millimeters). These wide splines allow for better 

distribution of the axial loads imparted upon the spline portions 18, 14 and are 
effective to reduce the overall wear of the splines and the assembly 10, thereby 
substantially increasing the "working" or "operating" life of the driveshaft 10. 

In one non-limiting embodiment, each end wall 44, 46 of each spline 
cooperatively forms an angle 48 of about forty degrees (40°) to eighty degrees 
(80°), although other angular configurations may be utilized. Further, while a 
segment of the splined portion 18 of the first member 16 is shown in Figure 3, it 
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should be realized that the splined portion 14 of the second member 12 is 
substantially similar. It should be appreciated that these relatively long 
intermeshing portions 18, 14 reduce the amount of noise and/or vibrations 
generated from the driveshaft 10. Additionally, these relatively long splined 
intermeshing portions 18, 14 reduce the probability that the driveshaft 10 will 
undesirably buckle in a collision, thereby increasing the overall safety of the 
vehicle. Further, these relatively lightweight first and second members 16, 12 
having relatively long respective splined portions 18, 14, allow for the creation of 
a relative stiff and lightweight driveshaft. In one embodiment, the use of such a 
driveshaft may replace and/or substantially shorten the elongated transmission 
extension member 21. 

The prior art double-tube "slip-in-tube" vehicle driveshaft 10, as shown in 
Figures 1-4, requires an effective sealing system and sealing method to prevent 
external elements, such as water, dirt, or salt, from penetrating the driveshaft 10. 
Such a sealing system and sealing method is particularly required along the 
splined portions 18, 14 of the first and second members 16, 12 to prevent such 
external elements from protruding into the driveshaft 10 as the splined portions 
18, 14 cooperatively intermesh during compression and decompression plunging 
motions of the driveshaft 1 0. 

Figures 5 and 6 show the seal 60 of the instant invention installed on a 
double-tube vehicle driveshaft 10 having first and second member 16, 12 with 
cooperating splined portions 18, 14. The seal 60 is preferably one-piece, and in 
one embodiment is molded from a relatively soft, compliant plastic ring. In other 
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embodiments, different flexible materials, such as rubber, may be used for the 
ring. 

S*\a %y Perspective and cut-away views of th4 seal 60 are shown in Figures 7 and 
8. The seal 60 is preferably generally cylindrical and has a top portion 64 and a 
bottom portion 68. A generally cylindrical splined inner surface 76 of the top 
portion 64 defines an axially extending generally cylindrical opening 72 extending 
throughout the length of the top portion 64 of the seal 60. Likewise, a generally 
cylindrical splined inner surface 84 of the bottom portion 68 defines an axially 
extending generally cylindrical opening 88 extending throughout the length of the 
bottom portion 68 ofjthe seal 60. The opening 72 defined by the splined inner 
surface 76 of the top portion 64 communicates with the opening 88 defined by 
the splined inner surface 84 of the bottom portion 68, thereby extending 
continuouslwfrom the top of the seal 92 to the bottom of the seal 96. The 
diameter tOO of the splined inner surface 84 of the bottom portion 68 is 
preferably greater than the diameter 104 of the splined inner surface 76 of the 
top portion 64. 

. In operation, as shown in Figures 6, 9, 10, and 1 1 , in a preferred 
embodiment the first member 16 of the driveshaft 10 is resident, in an air-tight 
fashion, within the bottom portion 68 of the seal 60. An end 108 of the first 
member 16 preferably abuts against a lower radially extending end 1 12 of the top 
portion 64 of the seal 60. The splined inner surface 84 of the bottom portion 68 
of the seal 60 intermeshes in the usual and known manner with the splined 
portion 18 of the first member 16. Further, the second member 12 of the 
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driveshaft 10 is preferably air-tightly telescopically resident within the top portion 
64 of the seal 60. The splined inner surface 76 of the top portion 64 of the seal 
60 cooperatively intermeshes with the splined portion 14 of the second member 
12. 

The splined inner surface 84 of the bottom portion 68 of the seal 60 is 
preferably conformed to the splined portion 18 of the first member 16 with some 
initial preload force. After the end 108 of the first member 16 abuts against the 
lower radially extending end 1 12 of the top portion 64 of the seal 60, the first 
member 16 is preferably locked in place within the bottom portion 68 of the seal 
60 utilizing a clamp 116. The clamp 116 may be applied at least partly around an 
exterior surface 120 of the bottom portion 68 of the seal 60. In other 
embodiments, other locking mechanisms may be utilized such as springs or 
snap-fits. 

Similarly, the splined inner surface 76 of the top portion 64 of the seal 60 
preferably conforms to the splined portion 14 of the second member 12 with 
some initial preload force. A spring 124 may be molded within the top portion 64 
of the seal to provide preload force against the splined portion 14 of the second 
member 12. The spring 124 may be a garter ring. In other embodiments, other 
mechanisms such as a clamp may be utilized to provide preload force. In a 
preferred embodiment, the second member 12 is adapted to selectively, 
movably, and telescopically move within the top portion 64 of the seal 60 as the 
splined portions 18, 14 of the first and second members 16, 12 cooperatively 



10 



intermesh during compression and decompression plunging motions of the 
driveshaft 10. 

Figure 12 shows a method of installing a seal on a double-tube "slip-in- 
tube" vehicle driveshaft. First, a driveshaft is provided 128 comprising first and 
second members, each having splined portions, the second member being 
telescopically resident within the first member, and the splined portion of the first 
member cooperating with the splined portion of the second member. In such 
manner, the first and second members cooperatively form the driveshaft. Next, a 
seal is provided 132 comprising a first splined-inner portion having a first 
diameter, and a second splined-inner portion having a second diameter. The 
diameter of the first splined inner-portion is larger in value than the diameter of 
the second splined inner-portion. The first splined inner-portion of the seal is 
then fitted 136 around at least a part of the splined portion of the first member. 
Finally, the second splined inner-portion of the seal is fitted 140 around at least a 
part of the splined portion of the second member. During installation, preload 
force may be applied to secure the seal to the driveshaft. Such preload force 
may be applied by utilizing a number of mechanisms including a snugly fit seal, 
or a spring. A further step may include clamping the seal to the driveshaft. 

It is to be understood that the invention is not to be limited to the exact 
construction and/or method which has been illustrated and discussed above, but 
that various changes and/or modifications may be made without departing from 
the spirit and the scope of the invention. 



11 



